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Studies have reported the presence of certain Plusiinae species in both natural and agricultural landscapes,
but their turnover in association with agricultural activities remains unexplored. Aiming to understand how
the assemblages of Plusiinae are structured by agricultural occupation and climate, this study used automated
light traps sampled moths in 18 sites in Brazil, across a broad latitudinal gradient. Our data has demonstrated
that climate variables prevails as the most important variables influencing both the composition of Plusiinae
and the abundance of its dominant species Chrysodeixis includens. On the other hand, the lack of significance
found for the effect of variables representing agricultural occupation evidences that pest species are present
both in agricultural and natural ecosystems, also sharing similar abundances at those locations. In other words,
instead of following a gradient of agricultural occupation (e.g. crop sizes around sample sites) the composition
of these extremely polyphagous insects is more clearly shaped by the latitudinal gradient, in which temperature
and precipitation are better predictors. Thus, in contrary to our expectations, pest species inhabits both natural
and agricultural landscapes at similar latitudinal sites, probably due to their wide polyphagy spectrum. These
results can be used in management and monitoring programs of pest species in South America, since the local
abundance variation and species composition can be more reliable predicted by changes in climate conditions.

Introduction

It has been shown that lepidopteran assemblages respond to a
variety of modifications in vegetation structure (Dover and Settele,
2009; Ribeiro et al., 2012) dictated by their habitat requirements, for
instance the availability of host plants for their larvae (Munguira et al.,
2009; Silva-Branddo et al., 2016). Most studies on this subject have
been carried out in natural environments, but the effects of agricultural
activities on the structure of lepidopteran assemblages have not been
as extensively explored. It is known, for example, that communities
inhabiting natural environments are highly influenced by their biomes
or dominant type of vegetation in terms of composition (Oliveira et al.,
2017). Likewise, climatic factors such as temperature and precipitation
are also known to restrict the distribution of many species of arthropods
(Robinet and Roques, 2010), thus playing a major rule on local species
composition and structure.

The transformation of natural habitats into agricultural ecosystems
results in local assemblages being re-structured. For instance, species
associated with disturbed environments (e.g. generalists or those
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with high dispersal ability) may become dominant, suppressing the
populations of species commonly found in preserved environments
(Rambaldi and Oliveira, 2003). Additionally, since agricultural occupation
usually reduces the availability of shelters for predators (Primavesi et al.,
2007), populations of generalist species tend to go unchecked.
Semiloopers, or looper moths, are one example of particularly
dominant insects in the agricultural landscape. Some of them are
extremely polyphagous moths and agricultural pests of native and
exotic plants (Wagner et al., 2011), including major annual crops like
soybeans, corn, wheat, rice, sunflower and greenery (Lafontaine and
Poole, 1991; Baldin et al., 2014; Specht et al., 2015, 2019). For example,
Chrysodeixis includens (Walker, [1858]) and Trichoplusia ni (Hiibner,
[1803]), stand out as one of the main pest species of soybean and cabbage,
respectively, thus being abundantly sampled across many distinct places
thorough the Americas (Poole 1989, Lafontaine and Poole, 1991). On
the other hand, other several species can only be found in more restrict
natural habitats, and their distribution in South America remains poorly
known. Therefore, both natural and agricultural landscapes may harbor
very distinct composition of Plusiinae assemblages, thus presenting a
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suitable scenario to study whether the climate or the landscape itself
are better predictors of looper moths abundance and composition.

Aiming this goal, this study sampled assemblages of looper moths
across a wide latitudinal gradient in Brazil, comprising at each location
two contrasting landscapes dominated by agricultural occupation or
native vegetation. We hypothesized that agricultural occupation (e.g.
size of crop species plantations) are better predictors of assemblage
structure of Plusiinae than climate itself, once agricultural landscapes
tend to be dominated by pest species while natural landscapes tend
to harbor a more diverse and equally abundant fauna. Because the
soylooper moth (C includens) showed to be the dominant species
at almost every sample site, we additionally tested for the predictive
power of the same parameters in its abundance.

Materials and methods

Collection areas

Distributed along a latitudinal gradient from -2° to -31¢, a total of
11 Brazilian municipalities were sampled monthly between June 2015
and May 2016, during an atypical, strong El Nifio episode (NOAA, 2020).
However, in a few of these municipalities, two traps were placed, to
represent variation in the local agricultural or native landscape. They were
set at least 2km apart from each other to avoid mutual interference. A
total of 18 sampled sites were considered in our data, each representing
aunique agricultural and native landscape coverage (Table 1, Figure 1).

The sample sites represented agricultural landscape where soybean
and corn as major crops, alternating with pasture and native (or non-
cultivated) areas. During this experiment, the sampled sites were not
sprayed with insecticides but it was not possible to obtain the cultural
treatments made in the previous period. These crop fields also do not
offer food resources (nectar) for moths.

The native hostplants of Neotropical Plusiinae are still poorly known.
The sample sites predominantly covered by native vegetation offer
abundant and rich nectar resources, especially during the spring. These
sites represent natural or semi-natural vegetation of five distinct South
American biomes: the Amazon, Caatinga, Cerrado, Atlantic Forest and
Pampa (IBGE, 2004) (Figure 1). Thus, the sample sites also represent a

Table 1

broad variation in climate, for instance average temperature (from 18
to 26 °C), and annual precipitation (from 500 to 1900 mm).

Collection method

Sampling was carried out in each locality using light traps. The
standardized Pennsylvania type traps (Frost, 1957) were used, all
supplied with BL T8 15W (Mark Tovalight) fluorescent lamps, with a
range of 290 to 450 nanometers in wavelength and a peak at nearly
340 nanometers. They were automatically connected with a luminosity
sensor from the evening twilight until the next morning. The lower part
of each trap was furnished with a plastic cone (32 cm at the greatest
diameter and 16 cm at the smallest diameter), to which a plastic vessel
containing 3 L of 96 GL ethyl alcohol was fixed. The lower part of the
collection vessel was 3 m high above the soil.

During every new moon phase, traps were kept active for five
nights, for a total of 12 collection events, over one year. To reduce the
stochastic effects on trap efficiency (e.g. rains and winds), only two of
the five sampling nights were chosen, eliminating those with the fewest
numbers of individuals captured. Most specimens were preserved in
96GL alcohol, with a few being dried, mounted and deposited in the
Insect Collection of Embrapa Cerrados and Entomological Collection
Pe. Jesus Santiago Moure, Departamento de Zoologia, Universidade
Federal do Parana. Species identification used the reference collection
of the Embrapa Cerrados and specialized bibliography (e.g. Eichlin and
Cunningham, 1978; Lafontaine and Poole, 1991; Barbut, 2008).

Climate data was taken from WorldClim (version 1.4) (Hijmans et al.,
2006). The agricultural occupation data was measured using satellite
images, considering the extent of the cultivated and native areas, and
later identified “in loco” of the crop species. The size of crop and native
areas were calculated by drawing polygons inside a 400-m radius buffer,
using Google Earth Pro (version 1.3.31.5).

Statistical analysis

To recognize the general patterns in the Plusiinae assemblages,
a canonical correspondence analysis (CCA) was generated. We used
a log-transformed multivariate abundance data of Plusiinae species

Description of collection sites collected with light trap in two nights in each locality (june 2015 - may 2016). T - Trap (1 - predominant native area, 2 - predominant crop area);
Temp (°C) - Average Annual Temperature;; Prec (mm) - Annual Precipitation; Soybean, Corn, Pasture and native areas were measured in hectares, within a 400 m buffer radius.

Local T Lat Long Temp Prec Soybean Corn Pasture Native
Alegre 1 -20.37 -41.06 239 1094 0.00 0.05 0.00 10.54
Alegre 2 -20.75 -41.49 19.6 1321 0.00 0.06 8.13 0.37
Bage 1 -31.32 -54.00 17.8 1348 0.00 0.00 14.35 1.06
Bage 2 -31.35 -54.02 18.5 1385 0.00 0.00 2.09 13.55
Londrina 1 -23.20 -51.18 219 1280 6.00 0.00 2.74 0.00
Londrina 2 -23.20 -51.18 219 1280 2.56 1.23 1.60 7.59
Passo 1 -28.23 -52.40 18.2 1732 2.00 0.25 0.51 2.26
Passo 2 -28.23 -52.40 18.2 1732 0.25 0.03 0.09 9.67
Petrolina 1 -9.07 -40.17 244 514 0.00 0.00 0.00 2.65
Petrolina 2 -9.14 -40.30 24.6 464 0.00 0.04 1.02 5.10
Planaltina 1 -15.60 -47.71 245 1479 1.59 0.10 0.48 0.00
Planaltina 2 -15.61 -47.75 24.6 1447 0.41 0.00 0.35 11.60
Rio 1 -10.03 -67.63 26.2 1875 438 4.84 0.00 143
Rio 2 -10.03 -67.70 25.8 1887 0.00 0.00 6.63 10.95
Santarem 2 -2.70 -54.57 271 1674 1.45 2.41 0.00 9.47
Sinop 2 -11.88 -55.60 24.6 1962 0.76 0.00 0.00 6.61
Uberaba 1 -19.65 -47.97 214 1519 0.68 0.97 6.15 0.00
Uberaba 2 -19.66 -47.96 212 1530 0.12 0.00 4.80 11.39
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Figure 1 Geographical location of sampling sites. The color of the dots distinguishes the locations with one (white) or two (black) light traps.

as response for a matrix containing four landscape and two climatic
variables: annual average temperature, annual precipitation, and number
of hectares of soybean, corn, pasture, and native areas, calculated in
2400 m buffer radius.

Later, the axes produced by the CCA were regressed against each
of the predictors in order to identify which variables are more strongly
correlated to the full assemblage ordination.

Because we found that C includenswas the most dominant species in
our data, and present in all our sample sites, we also tested the predictive
power of the same variables on its local abundance. These models were
built on a negative binomial distribution because species’ abundance
did not have a normal distribution. The agricultural occupation, climatic
metrics and a null model were tested as predictor variables, to finally
produce seven models in total. The models were created individually
for each variable, since the simultaneous use of several variables tend
to decrease the explanatory power of the models. Thus, the predictive
power of each variable was directly compared using the Corrected Akaike
Information Criterion (AICc). Models showing a difference in value
(even from O to 2) imply a predictive capacity (Burnham and Anderson,
2003). The AICc values enable the calculation of the weight of evidence

for each model, from 0 to 1. As all the variables need to express some
predictive value, the variables showing distinctly higher values than
those generated by the null model are considered significant predictors.
These models were produced exclusively to the most abundant species,
since variation found in rare species is too small to produce reliable
predictions. All the models were generated in R environment using
the MASS and bbmle (R Core Team, 2013) packages.

Results

Atotal of 1,222 specimens were collected from all 18 sampled sites,
representing nine species of Plusiinae (Table 1). By far, C. includenswas
the most abundant and dominant species found in our data set, comprising
85% (n=1051) of all specimen records. Other abundant species were
recorded only in selected sample sites, such as Argyrogramma verruca
(Fabricius, 1794) (n= 76), Rachiplusia nu (Guenée, 1852) (n= 73), and
Ctenoplusia oxygramma (Geyer, 1832) (n= 25). All other species were
only recorded by one or a few specimens (Table 2).



In regard to species composition, our results clearly evidence an
ordination of sites according to latitude, thus reflecting a species turnover
along the gradient (Figure 2). This ordination model explains 48% of
the total variability in the data (first two axes with eigenvalues of 0.41
and 0.23, respectively). Consequently, the mean annual temperature
revealed a significant correlation with the ordination produced from
species composition (Table 3). Precipitation and size of corn crops
also showed significant correlations but with lower R? values, while
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the sizes of soybean, pasture and native areas showed no significant
correlations (Table 4).

When analyzed individually, the abundance of C. includensshowed
a particular difference compared to the results obtained from the
whole assemblages. The size of pasture showed to be variable that best
explains the abundance of C. includens. Thus, sites with larger pasture
crops were found to have lower abundance of the species. Also, both
temperature and precipitation presented positive correlation with

Table 2
Total abundance of Plusiinae species recorded at each collection site. T - Trap (1 - predominant native area, 2 - predominant crop area);
Local T Agrapha Argyrogramma  Autoplusia C[_:rysodeixis Ctenoplusia Melaqagrapha Maurq[ia Rachiplusia Trichag[usia
ahenea verruca egena includens oxygramma biloba tinctoides nu ni
Alegre 1 1 0 1 1 2 0 0 2 1
Alegre 2 0 0 0 6 13 0 0 0 0
Bage 1 0 0 0 3 0 4 0 8 0
Bage 2 0 0 0 1 0 6 0 10 0
Londrina 1 0 0 0 77 0 0 0 4 0
Londrina 2 0 1 0 29 0 1 0 2 0
Passo 1 0 0 0 17 2 0 0 29 0
Passo 2 0 0 0 34 2 3 0 18 0
Petrolina 1 0 0 0 3 2 0 1 0 0
Petrolina 2 0 0 0 10 0 0 0 0 0
Planaltina 1 0 0 0 76 0 0 0 0 0
Planaltina 2 0 0 0 14 1 0 0 0 0
Rio 1 0 54 0 213 1 0 0 0 0
Rio 2 0 14 0 3 2 0 0 0 0
Santarem 2 0 7 0 297 0 0 0 0 0
Sinop 2 0 0 0 255 0 0 0 0 0
Uberaba 1 0 0 0 11 0 0 0 0 0
Uberaba 2 0 0 0 1 0 0 0 0 0
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Figure 2 Ordination diagram (Canonical Correspondence Analysis) representing the structure of Plusiinae assemblages and their relationship with five variables of climate and
agricultural occupation. Circles colored by latitude locations represent sample sites while the crosses represent the species. Black arrows are the variables significantly related
with the first two CCA axes (see Table 3), while gray arrows are non-significant. This model explains 48% of the total variance in the species abundances (first two axes with

eigenvalues of 0.41 and 0.23, respectively).
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Table 3

Correlations between the climate and agricultural occupation variables and the two
first axis of the Canonical Correspondence Analysis. Temp (°C) - Average Annual
Temperature; Prec (mm) - Annual Precipitation; Soybean, Corn, Pasture and Native
areas were measured in hectares, within a 400 m buffer radius.

CCA1 CCA2 R? p
Temp 0.99 -0.03 0.79 0.001
Prec 0.43 0.90 0.42 0.031
Soybean 0.81 0.58 0.15 0.336
Corn 0.83 0.56 0.47 0.018
Pasture -0.80 0.59 0.12 0.433
Native -0.65 0.76 0.06 0.694

Table 4

Predictive power of climate and agricultural occupation variables on the abundance
variation of Chrysodeixis includens, evaluated in scale of 400 m. Temp: Average
Temperature; Temp (°C) - Average Annual Temperature; Prec (mm) - Annual
Precipitation; Soybean, Corn, Pasture and Native areas were measured in hectares,
within a 400 m buffer radius. AAICc - difference between the models; df - degrees
of freedom; w- weight of Akaike; AICc - Corrected Akaike information criterion;

C - Correlation Polarity

Chrysodeixis includens

AAICc df weight AIC C
Pasture 0 3 0.3302 170.71 -
Temp 03 3 0.2909 170.96 +
Prec 0.6 3 0.2501 171.26 +
Corn 3.8 3 0.049 174.52
Soybean 3.9 3 0.0481 174.56
Null 5.1 2 0.0255 176.76
Native 8 3 0.0062 178.67

species abundance, with model adjustments significantly better than
the null model. The size of soybean and corn crops, and natural areas
revealed models without any predictive power (Table 4).

Discussion
General abundance and number of species

Recent literature reports that C. includens has become the most
abundant species in agricultural ecosystems in the Americas (Lafontaine
and Poole, 1991; Moscardi et al., 2012), although it is being increasingly
replaced by R. nu in the southern part of the country (Moraes et al.,
1991; Specht & Corseuil, 2002; Specht et al., 2005). Our results strongly
support this distribution pattern.

The total richness of Plusiinae species recorded in this experiment
is similar the results of other studies in Brazil (Link, 1977; Specht and
Corseuil, 2002; Specht et al., 2005). However, we expected to record a
greater number of species, given the broad geographic scale sampled
in this study. According to the literature, A. verruca, C. includens,
C oxygramma, R. nu and T. ni were already assigned as pest species
somewhere in the Americas (Herzog, 1980; Kogan, 1981; Lafontaine and
Poole, 1991; Formentini et al., 2015; Specht et al., 2015; 2019). Despite
that fact, only C. includens showed large and distinct abundances in most
of the sample sites. Thus, it is possible that the agricultural activities
are suppressing the otherwise common non-pest species populations,
such as Mouralia tinctoides (Guenée, 1852), Enigmogramma admonens
(Walker, 1957), Enigmogramma feisthameli(Guenée, 1852), Notioplusia
illustrata(Guenée, 1852) (Lafontaine and Poole, 1991). However, species
like A. egena (Guenée, 1852), which are found on cultivated varieties,
showed very reduced populations, probably because their niches are
dominated by other, more abundant species such as C. includensand R. nu.

Also, only a single specimen of T. ni was collected in the course
of this experiment. This species is usually very common in light traps
similar to the ones employed in this study (Riherd and Wene, 1955;
Graham et al., 1964), and has been ranked among the most abundant
species in the United States (Riherd and Wene, 1955; Shorey et al.,
1962; Harding, 1976) and is also largely abundant in some places in
Brazil (Specht et al., 2019). It is likely that this is a result of the specific
agricultural landscape sampled in this study. Trichoplusia ni has a
preference for Brassicaceae in different regions of the world and does
not seem to develop very well in crops like soybean, beans and corn
(Liu et al., 1988; Specht et al., 2019). Therefore, despite of its high
degree of polyphagy, Trichoplusia nican only be rarely seen in natural
landscapes or in agricultural ecosystems such as those sampled here.

Composition of assemblages

It is widely known that variables such as latitude, temperature,
and landscape can alter arthropod assemblages in the natural
environments (Andow, 1991; Lindenfors et al., 2007). However, in terms
of assemblages including some pest species, these relationships have
not been thoroughly investigated.

Our data has demonstrated that climate variables prevails as the most
important variables influencing the composition of Plusiinae through
a wide latitudinal gradient. This result contradicted our expectations
mainly because the pest species also exhibits a turnover pattern along
the latitudinal gradient, thus similarly inhabiting both natural and
agricultural landscapes at similar latitudinal sites. Therefore, a single
factor such as temperature may have a positive and negative influences
on distinct species, thus playing a major role on species’ turnover along
latitudinal gradients. This is likely the case of R. nu, one of the most
common pest species found in southern Brazil, Uruguay, Argentina
and Paraguay (Pereyra, 1994; Valverde, 2007; Barrionuevo et al., 2012;
Luz et al., 2015). The distribution of this species, limited to the south
and southeast of Brazil, is similar to the distribution of its congener,
Rachiplusia ou (Guenée, 1852), a species restricted to the northern
hemisphere. Rachiplusia ourarely occurs during the warmer months of
the year and shows a slow rise in population from the onset of autumn
(Alford and Hammond, 1982). Evidently, both Rachiplusia species are
adapted to subtropical environments, being one of the prime causes of
economic losses in these regions. Besides, several species of Plusiinae
are not able to tolerate temperatures under 0 °C and some may even
exhibit migratory behavior in parts of North America to avoid such low
temperatures (Blau, 1981; Mason et al., 1989; Lafontaine and Poole,
1991; Wagner et al., 2011; Moscardi et al., 2012).

Additionally, the composition of Plusiinae assemblages is also
strongly correlated with precipitation and the size of corn crops.
Precipitation is a relevant parameter in structuring many assemblages
of insects (Wu et al., 2011), and it tends to be even more important
when sample sites includes places of semi-arid conditions (Zhu et al.,
2014). Therefore, our results suggest that this assemblages of Plusiinae
also include species that have preferences for habitats with greater or
lesser rainfall indexes. As some of these species might have economic
relevance to some crop species, it would be useful for agricultural
managers to account for local climatic conditions in pest population
management programs.

On the other hand, the lack of significance found for the effect
of variables representing agricultural occupation on structuring the
Plusiinae assemblages reveals that the pest species can also be found
in similar abundance in natural ecosystems. Furthermore, several
Plusiinae species are highly polyphagous (Eichlin and Cunningham,
1978; Lafontaine and Poole, 1991; Wagner et al., 2011), which allows
them to use suboptimal hostplants when the preferred species (e.g.
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crop species) is momentarily absent, instead of traveling long distances
trough a latitudinal gradient. In this study, only the size of corn crops
showed a significant effect on assemblages probably due to the use of
this species at some sample sites in rotation systems. We hypothesize
that, when present, crop rotations provides access to viable hostplants
for longer periods during each year, thus resulting in higher rates of
annual offspring and larger populations (Specht et al., 2019).

There are of course a myriad of other phenomena besides the
ones evaluated in the present study, which can affect the abundances
of Plusiinae species, including natural enemies and agricultural
management methods (Cammell and Knight, 1992; Lima et al., 2009).
Chrysodeixis includens, R. nu and C. oxygramma are also negatively
affected by pathogens, parasitoids and predators (Harding, 1976;
Maruyama, et al., 2001; Parra et al., 2002; Sosa-Gémez et al., 2003)
and are positively influenced by the use of nonselective insecticides
(Ferron, 1978; Sosa-Gomez et al., 2003). Additionally, migration routes,
such as those traveled by A. verruca, C includens, C. oxygramma and
T. ni) in the northern hemisphere from low to high latitudinal sites in
the end of the spring and beginning of summer (e.g. Ferguson et al.,
1991; Lafontaine and Poole, 1991), are still unknown to occur in
southern hemisphere. Besides, temperature conditions in most of
South America is rarely below freezing, which is a factor influencing
this kind of behavior in insects.

Factors that influenced the abundance of Cincludens

As mentioned before, C, includensis the dominant pest Lepidoptera
in most cultivated crops across the Americas (Moraes et al., 1991;
Marsaro Jr. et al., 2010). However, although agricultural activities
supply the bulk of food resources for this species, abiotic factors such as
temperature and precipitation again strongly determined its abundance.
Similar to the majority of tropical insects (Oliveira and Frizzas, 2008),
larger populations of the species are found where the mean annual
temperature and precipitation are higher. In South America, species’
abundance declines towards the south, while in the north and center-
west this pest is considered a primary pest (Bueno et al., 2013). In the
United States, this species is unable to develop under 0 °C; and when
the temperature plummets to 10 C, the species migrates to warmer
locales in the country (Mason et al., 1989; Moscardi et al., 2012). This
behavior, however, is yet to be reported in South America.

Clearly, host plant availability should also play a crucial role
in explaining some of the variation observed in the abundance of
C. includens. The species has been reported in 175 different host plants
(Baldin et al., 2014; Specht et al., 2015), but with a strong preference for
soybean (Khalsa et al., 1979; Formentini et al., 2015; Specht et al., 2019).
Such preference can explain the high population indices in parts of the
country where soybean is heavily cultivated. But despite of that, we
could not find any significant relationship between species abundance
and size of soybean crops. Instead, the size of pasture crops revealed
the best model that explains species abundance, but in a negative
relationship. Similarly, Almeida et al. (2014) also reported the rarity
of this species in an Amazon area converted in pasture. These results
suggest that pasture landscapes are very restrictive to the presence
of C includens, even in places of high temperature and precipitation
such as de Amazon biome.

Finally, a previous study sampling semiloopers in Central Brazil
detected a significant drop in Plusiinae population across three consecutive
crop seasons (Santos et al., 2017). In this study, the 2015/2016 crop in
the same area revealed that the number of specimens collected by
the same authors fell below one-tenth of the number collected during
the first crop season. Therefore, the total Plusiinae abundance and
richness recorded in this study were clearly influenced by the El Nifio

effect, which caused population declines of many species associated
with agricultural systems and in many places in Brazil (Santos et al.,
2017; Piovesan et al. 2019). New samplings at those sample sites are
therefore necessary to record the actual population size of these
species and maybe evaluate the role of El Nifio on the decreasing of
pest species populations.
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